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PREFACE.

SOME three years ago there was published in The Mining
Industry of Denver, by the author of the present volume, a
series of articles entitled “Notes on Technical Chemical
Analyses.” The articles were favorably received by the tech-
nical public, and in compliance with numerous requests their
republication in the present book form was undertaken.

It is, however, proper to state that the original articles
have been rewritten and much new matter has been added,
embracing all the new technical methods which have been in-
troduced and proved trustworthy since the publication of the
series referred to, as well as many determinations not described
there.

Greatest prominence has been given to the rapid methods
in vogue in the technical laboratories of the Uunited States,
supplemented by a detailed description of some of the longer
and more exact ones.

Although the plan of the work presupposes a knowledge of
the gencral principles of chemistry, the endeavor has been to
present the methods in a form that those having but a more
limited expericnce in analytical chemistry could successfully
perform the operations.

Chapter I1I of Part IV, while not strictly within the scope
of a work of the present nature, was included to illustrate the
practical application of the principles of stoichiometry and
chemistry to metallurgy.

Reference has been made by footnotes to the original sources
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of information. Where, inadvertently, omissions have occurred
and due credit has not been so given, the author would esteem
it a favor to have his attention called to the neglect. He
would also be pleased to receive criticisms on the work, so that
he may be able to take advantage of them should a future
edition be called for.

In conclusion the author begs to add that should this little
volume fill even partially the wants of technical chemists and
meet with their approval, he will feel amply repaid for the
labor involved in the compilation and publication of the
methods described.

H. VAN F. FURMAN,
DENVER, CoLo., September 30, 1893.



auArTER
I

IL

1L
1v.

V.

TABLE OF CONTENTS.

PART L
INTRODUCTORY.
PAGE
Introduction.....coeveeieeniennnnnn. P ¢
Sampling .ovoveeeierciiiiecsiacseacorsscssvcscnssacissscencs §
Preliminary Examioation.............. O P 21
Apparatus and Operations....... Y 1+

Reagents..ccvioeeieccirerescsieaassccocscsssioanscsccsse soas 06

PART IL
DETERMINATIONS.

I. Silica....ccoeenennnanes crreerecasaeen B P &
I1. Sulphur.......... N 88
I11. Phosphorus ........c.cuuuut. sttt ter et aeetacetnestenaiasons 100
IV, Carbon ..o viietiiiiietiiiiiaeniiaeeniaienaccnsssanenonnnnans 106
V. Carbonic Acid...eoviniiniiiiiiiiiitiiiieniees cevenns oo aunn 116

L T T Geeee cenans 119
VII. Goldand Silver....oiveuiiiiiiiiiiiniincnsecncan.onns teeenaen- 122
VIIL Mercury covvievereneineninneinnnnss eesiesierentinee seenann 6k ]
IX. Lead ...t cieiiieiiieiiiiiieiinaeienennns Ceeeiaeaiies taeeans 136
X, ATSEDIC cunivuiietniennienniinsiesteeecssnscananses ieeeiaeaas 144
XL ANUMONY. . .ttt taietniieiiiiiiietennee senesnasssaracnien 147
XL TN ittt tiieienerieneies anarennsonsanss e 151
D I 'Y Y- 154
XIV. Bismuth....ovviiiiinannn.. e ireaeeanaaes T 163
XV, Cadmium ...covevven venne Y 165
XVI Iron. & ciiieiuiinsiionaoecrsossesaensnnns er e usssrn s rneee 168
XVII. Aluminium.. [ Cae e e i eei et teae e, 181



vi CONTENTS.

rACE
XVIIL Chromium.ceeieeecee.aoontoccssssssascsssssnsessesssscscscssss 188
XIX. Titanium..coeeeeecucereccrsaserossecsssosssasssosessssacacsss 190

XX. Manganese,..... P (7Y
XXII. Nickel and Cobalt...........coruues resesniienes eeesees sessans 211
XXIIIL Calcium...ccoeveeinoicncnennonns Seeiessescssaseicnatane s I 111
XXIV. Magnesilm ..ce.c.voeeeereccincoconsssssssssecss.onssonasaes 220
XXV, BariumM...ocoeeeecenacsnnan Cesesiseticecsstersssnrarasas ceeee 224
XXVI. Sodium and Potassium.....ccveeesscestocsccocscssssscsascces. 237

PART IIL
SPECIAL ASSAYS AND ANALYSES.

1. Assay of Base Bullion........ P %1 ]

I1. Assay of Silver Bullion... ..... tesetetienerteriececncsrceianse 230
I11. Assay of Gold Bullion......... ....cooivuiine., P 71}
IV. Special Method for the Assay of Copper Matte, etC..vve.vveee oo 250
V. Assay of Silver Sulphides ................cv0enles sseseseeees 352
VI. Chlorination-assay of Silver Qres......... teecnanae seeee sesees 254
VII. Chlorination-assay of Gold Ores...........cci00veuunnee seseess. 356
VIII. Assay of Gold and Silver Ores containing Meulhc Scales.. .. 258
IX. Amalgamation-assay.......ceoee o0 euus B P veseecans 260
X. Analysis of Coal and Coke...o.evviveiieriinnannnneas ceveenese 263
XI. Analysisof Gases................ t eeeretecietentinteranne veees 269
XII. Analysis of Water,,..o.ovuviiennnnn testaetisneens teeersecsrsse 274
X111, Acidimetryand Alkalimetry.......cccovveeeiereinnscnnns ceeeess 282
XIV. Chlorimetry.....oeeeeee. cesetecieenes ceecane Cesesvesenn ceceees 289
XV. Analysis of White Lead...... ..c....ut teceetrectarsses sessnes 291
XVI. Specific-gravity Determinations..... .c.cieieveiiaceivocene asas 2393
XVIIL. Analysis of Commercial Aluminium.......c.... civiereannness. 208
XVIIL. Analysis of Natural Phosphates........coveneeccisrescaccsceses 300
XI1X. Analysis of Copper and Lead Slags....cccceeecescccesss-assaess 307

PART IV.

CALCULATIONS.

1. Writing of Chemical Equations...... eenen L 1 ¢ ]
11. Stoichiometry...ccoovieieiereineniasnenns P TR | 1§
I11. The Calculation of Lead Blast-furnace Charges B X V4

TABLES. .« vvuoenvnss B T P L% |



A MANUAL OF PRACTICAL ASSAYING.

CHAPTER L
INTRODUCTION.

ASSAYING as practised in the United States, and particu-
larly as practised in the Far West, may be said to include all
those operations of analytical chemistry which have for their
object the determination of the valuc of ores and metallur-
gical products. Results are obtained by the following three
methods: 1st. Fire-assay (dry method); 2d. Gravimetric
analysis in the wet way; 3d. Volumetric analysis in the wet
way. In this classification the colorimetric mcthods are
included in the division of volumetric analysis.

Fire-assay determinations involve the separation of the
metal sought from the other constituents of the ore by the aid
of hcat and suitable fluxes, and its estimation by weighing in a
state of purity. For example, if the object is the determina-
tion of lead in an ore, the ore is mixed in a crucible with suit-
able fluxes and fused. The lead is reduced to the metallic
state, in which condition it is readily detached from the slag for
weighing.

Gravimetric determinations involve the scparation of the
substance from the other constituents of the ore, and its esti-
mation by weighing either the substance itself in a state of
purity or as a constituent of a chemical compound whose com-
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milligrammes of iron. This saves a great deal of time, and
possibly errors, in the calculation of results.

Use apparatus which is adapted to the work, and never use
larger apparatus than is necessary. For example, if 0.5 gm. of
slag is to be decomposed by acids, if introduced into a large
casserole a greater quantity of acids will be necessary than if a
small casserole is used and the operation will be prolonged.

Do not use larger filter papers than are necessary. A large
filter requires much more washing than a small one.

Be careful to avoid loss in boiling and other operations.

Never accept results where there is reason to believe that
they may be incorrect, owing to faulty manipulation or acci-
dents.
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The portion taken for a sample is removed to the sampling.
works and passed through the crusher. Should the sample
weigh about 10 tons, it can now be safely reduced to one ton
by quartering, except in the case of very high-grade ores, which
arc ununiform in composition. In this latter case, or wlen
the sample only weighs about one ton, it should be further
comminuted to chestnut size by passing it through the rolls.

The sample can be reduced in bulk by any of the methods
classificd above, preference generally being given to quartering
or split-shovelling.  If quartering is chosen, the ore as it comes
from the crusher or rolls is shovelled into a conical pile on the
sampling-floor, each shovelful being thrown on the apex of the
cone. When the cone is completed it is flattened out by com-
mencing at its apex with a shovel and passing the shovel
around in the path of a spiral until the whole is so flattened
that it will be from 6 to 12 inches high, and present the appear-
ance of a flat cake or pie. The point to be observed here is to
not disturb the radial distribution of the coarse and fine ore.
It is now divided into four equal quarters, and two of the
diagonally opposite quarters removed to one of the bins in the
sampling-works, where it remains until the lot is sampled and
settled for. It is convenient to retain an original portion of
the lot for resampling in case of a dispute between seller and
buyer on the first sample. The remaining quarters are now
formed into a conical pile by alternately shovelling from oppo-
site quarters, each shovelful being thrown on the apex of the
pile.  This cone is flattened and quartered as before, the opera-
tion being continued uatil the remaining portion weighs about
200 pounds, provided the sample has previously been crushed
to chestnut size.  1f the ore has not been previously reduced
to chestnut size it should be so reduced before quartering down
to 200 pounds.  The 200-pound sample should now be further
comminuted by passing it through a small set of rolls set
close. it is now further reduced by quarzering until it weichs
about 3 pounds. This 3-pound sample should now be cried
on @ stram or hos-a’r bath, and when thoroughly dryv is still

inuted by passing tiirough a codee-mili grinder.
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to the scoop of a split shovel, the width of this trough being
one tenth of the width of the chute. When the gate (a) is
opened nine tenths of the ore is diverted to one side by the
chute () into a car or wheelbarrow, and one tenth (the sample)
to the opposite side by the trough (¢). This sample is then
reduced in bulk by split-shovelling to about 200 pounds, which
is passed through a small set of rolls,'after which it is reduced

FiG. 3.

by the assayer's riffle, and is finally ground in the coffee-mill,
bucked, etc., as before.

Many devices for the taking of intermittent samples, such
as intercepting-buckets, which intercept certain quantities at
stated times, have been invented. One of the best of the
automatic samplers is that devised by D. W. Brunton, of Aspen,
Colo..* which is shown in Fig. 4. This device, in place of
taking out a portion of the falling stream of ore, diverts the
whole stream during certain intervals. These intervals may be
regulated. as required, so as to obtain 10, 20, etc., per cent of
the ore for a sample by a simple device.  As the stream of
ore is neither split nor divided, fine crushing on large samples
is entirely unnecessary. After the ore has been crushed it is
elevated a few feet above the level of the storage-bins and

* Transactivns of the American Iostitute of Mining Engineers, Vol. X111,
p- 639
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cipal desulphurizing reagents used in the wet way being the
oxidizing reagents. In the dry way the principal desul-
phurizing reagents have been discussed under the head of
FLUXES.

For a complete discussion of reagents, their preparation,
etc., see Fresenius’ * Qualitative Analysis.”’
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the filter, it should be thoroughly washed with hot water and
hydrochloric acid, as in iron ores. In the case of ferro-silicons
where the percentage of silicon is high, this treatment with
acids will fail, except by repeated additions of fresh acid and
repeated evaporations,  In this case a shorter method is to
fuse 1 gramme of the pulverized metal with sodium carbonate
in a covered platinum crucible.  The silicon is converted into
a sodium silicate and the spongy iron remains in a fincly-
divided condition, and is readily attacked by acids. After
fusion is complete, remove from heat, cool, and dissolve in
hot water and hydrochloric acid.  Evaporate to dryness, and
determine silica as in fusion of iron ores.

The silicon is determined as silica and weighed as such.
From the weight of the silica calculate the percentage of sili-
con as follows: Multiply the weight of the silica found by 7
and divide the result by 15; the quotient will be the weight
of the silicon in the amount of substance taken.

Note.—The purity of .silica can always be tested in the
following manner: Brush the insoluble residue into a weighed
platinum crucible, moisten with pure councentrated sulphuric
acid, and add one gramme of ammonium fluoride. Place the
lid on the crucible and incline it in its support; then heat
gently by a burner or spirit-lamp, allowing the Hame to play
around the top of the cruable.  Continue this heating (it
shouid always be performed under a hood with a good draught)
until abl tae sw!phunic acid is expelled. Then heat the crucible
strong!votemoving tiie cover towards the last of the operation,
cool and weigh the crucible, and repeat the eoperation, if nec-
es<arv, untt tae cructdle ceases to lose weight.  The loss in
Woigit aepresents the sitcd expelled as silicon fluonide, and if
the tiica as previously determined was pure, should equal its
woizhs, \Waatever remairs in tiie cructble, if anvthing, may
be aiamina, bartum suiphate. ferric oxide, ete.  If these con-
stitaents are to be determined. they may be obtained in
solation, with the exception of barium, by fusing with acid
potassium sulphate. -

Titaniferous Ores.—Many iron ores, especially magnetites,
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Grammes of

Grammes of

Ore. ‘Test lead. | Butax-glass. Remarks.
Galena........... 15-18 up to 0.5
Gu.lena with blende
and pyrite ...... 20-35 0.4-0.§
Iron pyrite........ 30~45% 0.3-0.8
Arsenical pyrite ... 45-30 0.3-1.5 | High temperature. Addition of
! litharge helps assay.
Gray copper....... 35-48 0.3-0.5 | Luw temperature.
Blende...oovvvnnn 30-45 0.3-0.6 | High temperature. Addition of
oxide of iron helps assay.
Copper ores and
mattes.....ooen. 35-40 0.3-0.5 | Low temperature. If necessary,
the button should be resconfied
Lead mattes....... 25-35 0.5-1.0 with lead.
Furnace accretions. 25-50 0.3-1.§
Tellurides...v..... 50 0.3 Add a cover of litharge and re-
scorify the button.
Silicious cevvevnnn. 25-30
Basic.iivieenennn. 25-30 0.5-2.0 | If the ore contains much lime or
magnesia the addition of sodium
carLonate helps the assay.
Basic with Barium
sulphate........ 25-30 0.5-1.5 | Addition of sodium carbonate
helps the assay.
Lead carbonate.... 10-15 uptoo.s
Speisse....ooovn ... 30-60 0.3-0.5 | High temperature. Rescorify the

button with lead if necessary.

been added, the deficiency can be made up by adding, after
the scorification has commenced, lead in the form of sheet-lead
rolled into a compact piece, or borax-glass wrapped in a small

picce of tissue-paper.

If the test-lead or sheet-lead contains

silver (some silver is always present), the amount which it
contains should be determined, and the amount present in the
weight of test.lead or sheet-lead used in the assay should be
deducted from the weight of the resultant button.

To determine the silver in the test-lead, scorify 100 grammes
of test-lead with borax and cupel the resulting button.
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nat difer by more than 0.5 oz. per ton on ore assaying 100 ozs.
proton.

Tan caicuiation of results is as follows: Suppose {5 A. T.
taken for eachr scorification, four scorifications being made.
The combined weights of the four buttons before parting is
4.5 millicrvammes. The weight of the gold button from the
four assays is 3.8 milligrammes: then 42.5 — 3.8 = 38.7 =
weight of silver, and 38.7 X 12 =96.75 oz. silver, and 3.8 X &
- g3 0z gold per ton of 2000 lbs. If the gold is determined
separately by crucible-assay it is unnecessary to part the buttons
from the scorification-assay, except as a check. In order to
obtain the weight of the silver, the amount of gold as found
by crucible-assay is deducted from the amount of silver and
grold as shown by the scorification-assay.

Crucible-assay.—Thc amounts of ore usually taken for
assay is § A. T, or 1 A. T., depending upon the grade of the
ore, the size of the crucibles, and whether the fusion is per-
formed in the wind-furnace or the muffle-furnace. If the fusion
is petformed in the muffle-furnace § A. T. will usually be taken,
as a larger quantity would involve the use of an awkward-sized
crucible for the muffle.  In Colorado the fusion is usually per
formed in the muffle, and this practice is to be recommended
on account of the cleanliness and the greater facility with which
the heat can be regulated as compared with fusion in the wind-
furnace.

In making up a charge the object to be attained is to
produce a flaid slag which will permit of a perfect separation
ot the lead into a button of the proper weight (10 to 20
grammes), to drive the impuarities in the ore into the slag and
net into the lead. and to collect all the gold and silver in the
lead bution. The proper fluxes and the amounts of each to be
added will depend upon the mincral composition of the ore.

1f the ore is in lump form its mincral compoesition can be
determired by simple eve-inspection or a few blowpipe tests,
1 in the form of powder. place about o.2 gramme of the ore nn
a large watch-glass, add water. and van by ratating and tapping
the glass to separate the different minerals.  An inspection of
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Some assayers prefer to part in a test-tube or small parting
matrice. If the parting is done in a test-tube or matrice the
tube is rinsed out twice with warm distilled water, and then
filled with water and inverted over a small porcelain crucible.
When the gold has all settled to the bottom of the crucible
the tube is removed, the water poured off, and the gold dried,
ignited, and weighed as before.

The only exception to the above methods is in the case of
an ore containing mctallic scales. Such ores should be assayed
by the special method described in Part 111, Chapter VIIL.

On the Pacific coast the fusion for the assay of low-grade
gold ores is usually performed in the crucible or wind-furnace,
from 2 A. T. to 4 A. T. of ore being taken. This method pre-
sents the advantages that large quantities of ore are taken for
assay, and that only onc fusion is necessary for each assay.









MERCURY. 135

the mercury. Should there be any mercury collected in the
small tube, which will seldom happen if the operation was
properly conducted, it must be collected and weighed, its
weight being added to the weight of mercury caught by the
gold spiral.

This process properly performed will give excellent results,
































































































CADMIUM. 167

The filtrate from the precipitated sulphides may be used
for the determination of zinc, and the copper (if precipitated
on aluminium-foil) may be determined as described in Chapter
XIII.

The method is rapid, and gives results which answer all
requirements for technical purposes.




























































ALUMINIUM. 187

This method also answers for the determination of iron.
If the iron is to be determined the mercury is weighed before
proceeding with the electrolysis, and after electrolyzing wash-
ing and decanting, it is dried for a few minutes at a tempera-
ture of 100° to 110° C. and weighed again. The increase in
weight of the mercury represents the weight of iron in the
amount of substance taken. As mercury loses weight upon
drying, even at such a low temperature as 100° C., and there
is generally a loss in weight owing to the impurities in the
mercury which pass into solution, it is best to run a blank
beaker, containing about the same weight of mercury as is
used in the analysis, and water slightly acidulated with sul-
phuric acid, in the circuit with the analyses. The loss in
weight of the mercury used in the blank should be added to
the results in the case of each iron determination.

This method may also be used for the determination of
iron and aluminium in ores, etc.
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To obtain the weight of titanium, multiply the weight of
titanic oxide found by 0.60976.

The iron can be determined in the combined filtrates from
the titanic acid by evaporation of the solution, acidifying it
with sulphuric acid, reduction with zinc, and titration with
standard potassium-permanganate solution, as described in Part
11, Chap. XVI, Iron. '
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cipitate in nitric acid and effect the separation and determina-
tion as above. This is a very neat and accurate method.

The ignited oxide of nickel is liable to contain impurities.
To determine these, transfer the ignited oxide to a beaker, add
water, and boil. Filter, and wash thoroughly with boiling
water. Dry, and ignite the oxide of nickel again. The loss in
weight is probably due to some adhering alkali. Now dissolve
the oxide of nickel in nitrohydrochloric acid, boil, dilute, filter,
wash, dry, ignite, and weigh any undissolved silica. Deduct
this weight from the weight of the oxide of nickel. Dilute
the filtrate and add a large excess of ammonia, and filter out
any precipitate of alumina or ferric hydrate which may form.
Wash, dry, and ignite this precipitate and deduct its weight
from the weight of the nickel oxide. From the true weight of
the nickel oxide, as thus determined, calculate the weight of
the metallic nickel
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until white, Add the filter-ash to the precipitate in the cruci-
ble, and thoroughly moisten the precipitate with strong c. p.
sulphuric acid, place the lid on .the crucible, and expel the
excess of acid by heating over a burner, allowing the flame to
touch only the edge of the crucible cover. After expelling all
frec sulphuric acid, ignite strongly over a blast-lamp or in the
muffle, cool, and weigh.

This weight, after deducting the known weights of the cruci-
ble and filter-ash, will be the weight of the calcium sulphate.
Multiply this weight by 0.41176, and the result will be the
weight of the lime.
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Silver, Copper, and Lead Ores.—Proceed as above, except
that when manganese and zinc are not present the lime can be
precipitated in the filtrate from the precipitate of the basic
acetates of iron and alumina, the treatment with bromine, and
subsequently with sulphuretted hydrogen, being omitted.

Limestones, Clays, Cements, etc.—As these substances
seldom contain any of the metals of the sulphuretted-hydrogen
group, proceed as in the determination of lime in limestoncs
(see Chapter XXIII), and precipitate the magnesia in the
filtrate from the calcium oxalate as above.

The above examples will serve for nearly every case likely
to arise. '
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portion (0.5 gm.) with water, hydrochloric acid, and a few
drops of sulphuric acid. Evaporate to dryness, heat, dissolve
in water and hydrochloric acid, and determine the insoluble
residue as usual. This insoluble residue may be considered as
consisting of silica and barium sulphate.
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In the same manner we have for the gold

475 . oo 15 o 5=
X 1.0 = 0,002125, and 2000 X 3.5 = 0.002625. .
Hence
2000
0.002125 -+ 0.002625 = 0.00475, and 0.00475 X 575 = 1.65,

the assay-value of the sample in ounces gold per ton.
Hence the assay-value of the bullion is:

The results may also be calculated according to the formulz
given in Part 111, Chapter VIII, in which case the bullion and
dross are weighed in grammes.
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Third Method.—By this method the silver is determined
in the saine manner as the determination of the silver present
in the precipitate of silver arseniate, as described in the deter-
mination of arsenic volumetrically by means of a standard
solution of potassium sulphocyanide.®* A normai solution (1
cc. = 10 mgs. Ag) and a decinormal solution (1 cc. =1 mg.
Ag) of potassium sulphocyanide should be prepared. The
titration should begin by the use of the normal solution, and
the final reaction should be obtained by the decime solution.

A preliminary assay, either by cupellation or by titration
with the normal solution, will be found of advantage.

The assays should be made in duplicate.

* Chapter X, page 145.



CHAPTER IIL

THE ASSAY OF GOLD BULLION.

Tur process of assaying, which is essentia’ly one of refining,
requires the rcmoval of both the base metals and the silver.
To «fi-ct this two operations are necessary :

First. The base metals are removed by cupellation. Weigh
out 0.5.0 gm. on a delicate balance, wrap in 5 gms. of pure
shert lzad, and cupel (see Chapter I1 : Assay of Silver Builion).
I.rad under the action of the heat and air forms litkarge,
which dissolves the oxides of the base metals and carries them
into the cupel, lcaving behind, when the operation is completed,
which is shown by the brightening of the button, pure silver
and gold, The button of silver and gold is weighed, and the
diffrrence between this weight and the o0.500 gm. taken rep-
resents the weight of the base metal,

Second, The silver is removed from the gold by solution
in nitric acid, the gold remaining behind in an insoluble state.
In order that the silver be entirely removed, it is necessary
that there be present at least twice as much silver as gold.
A preliminary assay is run by weighing out 0.500 gm. of
bullion, adding 1.0 gm. of pure silver, wrapping in 5 gms. of
sheet lead, and cupelling.  The resulting button is detached
from the cupel, brushed and weighed, and then flattened out
under a hammer, the weight being noted. It is then heated to
redness in a clay annealing-cup and passed through a small set
of rolls, which draw it out to about 4 inches in length. It is
again anncaled, and when cold is rolled into a spiral coil called
a cornet. It is now ready for the acid. For this purpose a
platinum dish about 3 inches in diameter and 2 inches deep
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Hence the proof lost in silver and gold,
(1240 + 620) — 1852 = §;
and the corrected weight for the regular assay is
1856 - 8 = 1864.
Upon parting, the gold cornets weighed—

Regular assay.....oooeeeveenncnnns ceeees 621
Proof assay......ceceveanns T 1 ¢

Hence the proof lost in gold,
620 — 618 = 2;
and the corrected weight for gold is
621 -4 2 = 623,
and the corrected weight for silver is
1864 — (623 4 1¢65) = 176,
and corrected weight for base metal is

1000 — (623 + 176) = 201,

The certificate would be as follows:

Weight |Weight | Fine- | Fine- | Total | Total | Value | Value Total
before | after ness, nens, | Ozs. Ozs. of of Val Remarks,
Mehing|Meltin; | Ag. | Au. Ag. | Au. Ag. | Au ue.
7.80 | 7.15 | 176.0 | 623.0| 1.26 | 4.454 | 81 07 |$92 06| $93 13| Ag @ 8sc.
Au @ $20 67
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scorify with some testlead. Finally cupel the lead button,
weigh the silver-gold bead, and part for gold in the usual

manner.
Dilute the filtrate to 1000 cc., divide in halves of exactly

500 cc. each, cool, and add to each a saturated solution
of sodium bromide so long as a precipitate forms. The silveris
precipitated as bromide along with the lead. The large pre-
cipitate of bromide of lead collects, and envelopes the precipi-
tated silver bromide, so that it can be filtered off at once
without danger of loss. Filter off each precipitate, and wash
with cold water until all the copper is removed. Dry the
filters and precipitates, and when thoroughly dry brush each
precipitate from the paper into a small crucible. Mix with
about three times its weight of carbonate of soda, and some
flour or argol for reducing agent; cover with borax-glass and
fuse for lead buttons, cupel the lead buttons, and weigh the
silver beads.

By dividing the solution into halves we have a check on the
results, which should agree closely. Th’s method is also valu-
able for the assay of material other than copper mattes, as base
metals, arsenical sulphides, etc.
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and assayed by crucible.assay using the following charge:
Cupel ; litharge, 30 gms.; borax-glass, 30 gms.; sodium carbon-
ate, 30 gms.; argol, 2 gms.; salt cover. The resulting lead
buttons are cupelled, the silver buttons being weighed and their
average taken.

The average amount of silver recovered from the slag and
cupel in this manner is added to the average amount obtained
by the first scorification-assay, the result being the corrected
assay.

The gold is determined by treating from 1 A. T.to 4 A. T,,
in a beaker, with nitric acid, and proceeding in the manner
described in Part 111, Chapter 1V.
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Hence, if # = per cent of silver chloride,

95:(95 —9) :: 100 : 2.
Z = QO.5.

If the pulp contains sulphate of silver, the per cent of sul-
phate present can be determined by weighing out a third sample
and leaching it with warm water until all the silver sulphate is
dissolved. Dry, burn, scorify, and cupel the residue. A calcu-
lation similar to the above will give the percentage of silver
present as sulphate. To determine the percentage present as
chloride deduct this per cent of sulphate from the per cent
obtained by leaching with the hyposulphite solution.

To determine the per cent of silver which will be extracted
by the Russel Process of Lixiviation, see Trans. of the Ameri-
can Institute of Mining Engineers, Vol. XVI, pages 368-381.
Also, “ The Lixiviation of Silver Ores,” by C. A. Stetafeldt
(Scientific Pub. Co.).






















































ANALYSIS OF GASES. 273

The water used in the apparatus should be of the same
temperature as the room in which the analysis is made, and
by careful handling little or none of the chemicals used will get
into the bottle L. '

When working in a warm place the tube B should be sur-
rounded with a water-jacket, to prevent change of volume in
the gas while under treatment.
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temperature is 60° F., and weigh it. This weight = W. Weigh
the substance in the air. This weight = W. Now introduce
the weighed substance into the flask, fill it with distilled water,
and weigh, This weight = W"':

S = W
p' gr' - (W+ WI) i Wn-

3. The substance is heavier than water, but soluble in it.

Weigh the substance in the air. This weight = W. Now
weigh it in some liquid in which it is insoluble and whose
specific gravity is known. This weight = W’'. Hence we
have the proportion, the specific gravity of water being I,

Sp. gr. of liquid: 1 = (W — W'): W,

in which @' = the weight of water which would have been
displaced.
W
Sp. gr. = —}V—”.
4. The substance is lighter than water and insoluble in it.
Weigh the substance in air. This weight = w. Weigh a
piece of lead of suitable size in water. This weight = @',

Weigh the substance and the piece of lead together in water.
This weight = w'’.

Sp. gr. = w
p‘g‘— W—(I’V'—*- WH)‘

5. The substance is lighter than water and soluble in it.

Weigh the substance in the air. This weight = W. Intro-
duce the substance into the flask described in 2, and fill the
flask with some liquid in which it is insoluble, and whose
specific gravity is known. Weigh. This weight = W”. Fill
the flask with the liquid alone and weigh. This weight =
W. ‘Then the weight of the liquid displaced = W’ — W’ =
A. If § = the specific gravity of the liquid, and X = the corre-
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the solution with ammonia, precipitating the iron by electroly-
sis, and finally determining the aluminium as a phosphate in
the manner described in Part 11, Chapter XVII.

In the 200 cc. portion (corresponding to 2 gms. of the orig-
inal material) determine the iron by reduction with pure zinc
and titration with a standard solution of potassium perman
ganate, in the manner described in Part 11, Chapter XVI.
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tate these elements by passing a current of sulphuretted hydro-
gen through the filtrate from the SiO,, BaSO,, and PbSO,.
The precipitated sulphides are filtered off, the precipitate is
washed with water containing H,S, and the different metals in
this precipitate may be separated and determined according to
the methods described under the different metals. The filtrate
from the precipitated sulphides is boiled, and the sulphur oxid-
ized with bromine or potassium chlorate before proceeding
with the analysis.

The same method will answer for copper slags, except that
in this case the copper and other metals of the sulphuretted-
hydrogen group will have to be precipitated with H,S, the pre-
cipitated sulphides being filtered out before proceeding with
the analysis. The precipitated sulphides may be dissolved in
nitric acid, and the copper determined colorimetrically accord-
ing to Part II, Chapter XIII, page 159. .
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Writing the equation and adjusting the factors for the
H,SO, and H,O, we have

10H,C,0, + 2K,Mn,0, + 6H,S0, =
20C0, + 2K,SO, 4+ 4MnSO, 4 16H,0.

Or the equation may be written (dividing the factors of each
member by 2),

sH,C,0, 4+ K,Mn,0, 4 3H,SO, =
10CO, + K,SO, 4 2MnSO, + 8H,0.

Testing to see if this is a true equation, we have

In the In the
First Member. Second Member.
H. oceeviiiveeinenva... 16 16
P 10 10
0 40 40
) G 2 2
Mn ... iiiiiiiie wienn 2 2
S 3 3

Hence it is a true equation.

_ ExAMPLE No. 7. Required the construction of an equation
representing the oxidation of MnSO, by K,Mn,O,. The com-

pounds entering into the first member are MnSO,, K,Mn,O,,

and H,O. Those entering into the second member are MnO,,

K,SO,, and H,SO,. Writing the equation and leaving spaces

for the factors, we have

MnSO, + K,Mn,O,+ H,0= MnO,+4 K;SO,+ H,SO,.
By the first method we have
MnO 4 O = MnO,.
Hence 1MnO requires 10.
Mn,O, = 2MnO, 4+ O,.
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Hence 1K,Mn,0, yields 30. Now as 1MnO requires 10 and
1K ,MnO, yiclds 30, we find that 1K,Mn,O, will oxidize
3MnSO,. Hence the equation

3MnSO, + K,Mn,0, 4 2H,0 = 5MnO, + K,SO, + 2H,SO,.

By the second method,
Mn in the first member has 2 bonds;
Mn in the second member has 4 bonds.
Gain = 2. Hence 2K,Mn,0,. -
Mn, in the first member has 14 bonds;
Mn, in the second member has 8 bonds.
Loss =6. Hence 6MnSO,.

Hence the equation: |

6MnSO, 4 2K,Mn,0, 4 4H,0 = 10MnO, 4 2K,SO, 4 4H,S0O,,

which may be written as above
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B. Estimation of the Hydrogen and Methane.

A portion of the unabsorbable remainder is now drawn off
into a eudiometer, mixed with oxygen, and exploded.

Volume of unabsorbable remainder drawn off into

eudiometer (corresponding to 35 cc. of the orig-

iNAl aS).cveeernenninreiennrnn noosieneson 30.5 cc.
Volume before explosion (§7 cc. of oxygen added).. 87.5 *
Volume after explosion..c.cccoeveecersscsccssess 500
Decrease (H3O).ovvivveieeerenssccneecraccsneee 37.8
Corresponding to hydrogen......coovinnnsnnnnnnn 25.0 *¢
OXYZeN.veverosucoirssnne [ ¢ X
Volume after absorption of carbon dioxide with

potassic hydrate......cecoeetcccssscececsess 43.0
Decrease (COy)..vvevivesrsenssccsssssscscsscces 7.0
Corresponding to carbof..ccoceeecocenosnccssass 2.33

o ‘Y OXYZCNieoeccecacsnnsarnsccssss 4.66

Oxygen added........c.ccvnnese ceteeacesnanses §7.00 ¢
Oxygen combined as water and carbon dioxide

(12.50 4 4.60). e e coevneenesncnrnscncneieness 17,76 @
Oxvygen remaining after treatment......cecc0..... 39.84
Volume of oxygen and nitrogen remaining after

treatment........ R K X )
Nitrogen (43.00 — 39.84). ceecvveeccenscnienncess 3.16 “ = 9.03% nitrogen
Carbon calculated to methane (CHy).......c...... 11.65 * = 33.28% methane
Total hydrogen ............ cerecens cesecssccs.. 25.00 ¢
Less hydrogen calculated to methane.... ceceee.. 9.32 **
Hydl’ogen.................-u..u..u-u.-.u.. 15.68 o =“.wh’dm

[ 1}
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Solving equation (2) with respect to ¥, we have

y=2+t&-¢ L a

Substitufing this value of ¥ in equation (1), we have

Be 4 Xef — Ce)
l

1;(,4 +Xd+ =B+ Xf.

Reducing and transposing, we have
§Xfl — 4Xef — 4Xdl = 4Al+ 4Be — 4Ce — 5B,
Solving with respect to X, we have

4A!+ 4Be — 4Ce — §BI
5[[—4’f—4d1 e o o o o (A)

X =

For slag B we have
A4+ Xd+Ye=B+Xf,. . . . . (1)

:—f:(B-i-Xf):C-{-WH N )

Solving equation (2), with respect to ¥, we have

_ 12B4-12Xf—1;C

Y = C. . B

Substituting this value for ¥ in equation (1), reducing and

solving, we have

__ 174!+ 12Be — 17Ce — 178!
X= 171 — 12¢f — 17dl coe e e (B
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In like manner we obtain for slag C
__2A/+- Be — 2B/ — 2Ce

X— 2f1—€f—2d[ 9 o o o o (C)
. B4 Xf—2C
e ()
and in like manner for slag D,
__ 44/ 2Be— 3Bl —4Ce
X— 4f[—2!_f‘—4dl 906 o o o (D)
_ B+ Xf—2C,

Y d e e e e (D)

and in like manner for slag E,

, 84/4-2Be— sB/—8Ce
X—- Sfl—zfe—&il g ¢ o o o (E)

_ B+ Xf—4C,
Y— 41 ] L L] o L L ] L L ] (E’)

and in like manner for slag F,

__9Al4-Be—5Bl—gCe
X= A—odl—fe * * (F)

_ B4+ Xf—oC
==

In like manner general equations may be deduced for any
type of slag which it is desired to make.

Having obtained the above formulz it is only necessary to
substitute for A, B, C, d, etc., their proper equivalents in the
_ first formula to obtain X. Having obtained X, substitute its
value, together with the proper equivalents of B, f, C,and/, in
the second formula to obtain ¥.

The calculation of a charge is best illustrated by the follow-
ing examples: '

14 e e e e (F)
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The following calculation gives the amount of bullion which
should be produced and its assay value:

16.588 — 0.6032 = 15.9848 ounces Ag in bullion,
and
0.1323 — 0.00481 = 0.12749 ounces Au in bullion,

1598 + 0.127

i2.58 = g6.51 lbs. of bullion

(990 — 3.6)+
which should be produced. The assay value in ounces per ton
of 2000 pounds will be

15.9848 X 2000
_5_2—:6—.51__ = 331.2 oz. Ag,

and
0.12749 X 2000

0651 = 2.64 oz. Au.

The total pounds of ore and flux on the charge is 873.5. If
we desire a 1000-pound charge, this weight is too small by
about 15 per cent. Increasing the weight of each ore, the iron
ore and limestone by 15 per cent, we have, for the charge, fused
ore, 115 pounds; roasted ore, 184 pounds; bed, 345 pounds;
silver-ore, 62.5 pounds; iron ore, 107.2 pounds, and limestone,
194.9 pounds.

As it is usual to set the furnace scales only to every §
pounds difference in weight, the charge would be—

Pounds.
Fusedore, . . . . . . . . 11§
Roastedore, . . . . . . . . 185
Bed,. . . . « ¢ ¢« « « .+ . 345
Silverore, . . . . . . . . . 65
Ironore, . ¢« ¢« ¢« ¢« ¢ « « . 110
Limestone, . . . « « « . . 10§

1015
Coke (15 per cent of 1015), . . . 150












TABLES.

TABLE 1.
WEIGHTS AND MEASURES.
MEASURES OF CAPACITY.

ns of
Gals. Qu Pw FLOz  FL.Dr OGritsofWater  Cuble
1 = 4 = 8 = 128 = 1,024 = 58,318.00 = 3,785.200
1 = 2 = 32 = 256 = 14,579.50 = 946. 300
1 = 16 = 128 = %,280.75 =  473.150
1 = 8 = 455.61 = 29.570
I = 5695 = 3.6g0
x English imperial gallon = 277.274 cu. in, = 70,000.00 = 4,543.000
‘“  wine or Win- -
chester gal. = 231.000 ‘' = 58,318.00 = 3,785.200
1 ¢ corn gallon = 268.000 ‘¢ = 67,861.00 = 4,402.900
1 “ ale o = 282.c00 * = 71,193.40 = 4,619.200
1 cu. ft. = 283.15 cc.
I cu. in, = 16.38 **

T ¢

LINEAR MEASURES.

tyd. = 3ft. = 36in. = 0.91438 metre.
1ft. = 12in. = o0.30480 **
1in. = o0.02540
39.3708 in. = 1.00000 ‘*
Troy WEIGHT.
1lb. = 13202 = 240dwt. = s5.760grs. = 373.2419 grammes.
1% = 20 ° = 480 “ = 3I1.103% “
r “ = 24 “ - 1.5552 ««
1 ¢ = 0.0648 o

AVOIRDUPOIS WEIGHT.

1grosston = 20cwt. = 2,240lbs. = 1,016.00 kilogrammes
) = 112 ¢ = 50.80
Oz. Grs. Troy. Grammes.
1lb. = 16 = 7,000.00 = 453.5926
= 437.50 = 28.3495

go7 kilogrammes.
28,315.0000 grammes.
16.3862 ‘

1
Inetton = 2,000lbs. =

1 cu. ft. of water at 62 F = 62.3550 lbs. Av.
Icu in ¢ ¢ ¢ = o0.0361 *‘*

APOTHECARIES WEIGHT.

1lb. = 1202. 92 dr. = 288 scruples = 5,760 grains = 373.2419 grammes.
1

1(5)= 8(3) 24 480 3trozs ¢
(3) 60 3.8879

: (D) 20 1.2960 “
0.0022 Ib. Av. = 0.,0352702. Av. = 15,4328 = 1,0000 .
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TaBLE II.
ATOMIC WEIGHTS.

= G) -
Name. o Werghe. Name. o
Aluminium.... Al v 27.0 Mereury...... Hg I1 200.0
Auntimony..... Sb \4 120.0 Molybdenum.. Mo VI g6.0
Arsenic....... As A\ 74.9 Nickel........ Ni VI 59.0
Barium. . . Ba 11 130.8 Nitrogen. ..... N V 130
Bismuth...... Bi \4 210.0 Osmum...... . Os 1v 199.0
Boron....... B 111 11.0 Oxygen....... o 11 16.0
Bromine...... " Br I 800 Palladium..... Pd v 106.0
Cadmium...... Cd 11 112.0 Phosphorus... P \ 31.0
Ceesium....... Cs I 133.0 Platinum...... Pt 1v 197.0
Calcium....... Ca 11 40.0 Potassium.... K 1 39.1
Carbon........ C v 12.0 Rhodium...... Ro v 1040
Cerium........ Ce 1314 141.2  Rubidium..... Rb I 8.0
Chlorine . .... Cl I 35.5 Ruthenium.... Ru v 104.0
Chromium.... Cr Vi 52.4 Selenium. .... Se 11 790
Cobalt........ Co VI 5900 Silicon........ Si 1v 28.0
Columbium... Cb v 94.0 : Silver......... Ag 1 108.0
Copper... ... Cu 11 63.1 Sodium. ...... Na 1 23.0
Didymium.... D I 147.0 Strontium..... Sr 11 87.5
Erbium. ...... E I 169 0 Sulphur....... S 11 32.0
Fluorine...... F 1 19.0 .Tantalum..... Ta \'4 182.0
Gallium....... Ga III 69.9 Tellurium..... Te 11 128.0
Glucinum..... Gl 11 9.2 Thallium...... Tl 1 204.0
Gold.......... Au 111 196.2 ‘Thorium...... Th v 2351.5
Hydrogen.... H 1 1.0 Tin..... Cevens Sn v 118.0
Indium........ In 11t 113.4 Titanium. . Ti v 50.0
Iodine.... ... 1 I 126. Tungsten...... W IV-VI 184.0
Iron...... ve.. Fe VI 56.0 Uranium...... U VI 240.0
Lanthanum.... La Il 139.0 Vanadium.... V \'4 51.2
Lead.......... Pb 1l 2070 Yurium.eeo.. Y 111 6o o
Lithwm,...... Li 1 70 ZinC....eoeue. 2n 11 65.0
Magnesium.... Mg 11 24.0 Zirconium .... Zr 1v 90.0

Manganese.... Mn VI 55.0
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TasLE IIIL
TENSION OF AQUEOUS VAPOR AT VARIOUS TEMPERATURES.*
Temperature ATensionvof the i ‘lfeml;p:ramre A'l'ensitmv of the
m Tees uevus Vapor in in 1ees uecus Vapor in
ng. inllimetr'::. C‘.( unlumur'ea.
o 4.525 21 18.505
1 4.807 22 19 675
2 5.231 23 20.909
3 §.619 24 22.211
4 6.032 F13 23.582
5 6.471 26 25.026
6 6.939 27 26.547
7 7.436 28 28.148
8 7.904 29 29.532
9 8.52 30 31.602
10 9 126 3t 33.464
11 9.751 32 35.419
12 10 421 33 37473
13 11.130 34 39.630
14 11.882 35 41.893
15 12.677 36 44 268
16 13.519 37 46.738
17 14.409 38 49.368
18 15.351 39 §2.103
19 16.345 40 54.969
20 17.396

® For a more complete table see Winkler's ¢ Technical Gas Analysis.”
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TABLE 1IV.
DENSITIES AND LITRE-WEIGHTS OF GASES AND VAPORS.*

1000 oc. of the

Name of the Gas. Nolecolar | Density. | Nowmar .
weigns,
Grammes—

Acetylene....... ...... cetesecanane CsH, 12.970 1.1621
Air (aumospheric). c..eoveiieaaaa.. ceesesne o 14.422 1.2922
AMmMODIA. . cvveeeinee conen coesvans H.N 8.s10 0.7625
Antimoniuretted hydrogen........... H,Sb 62.545 5.6040
Arseniuretted hydrogen.............- H,As 38.960 3.4908
Benzene.......ccceeeennnns eecsscens CeH, 38.9!0 3_4803
Butylene......... . CiHe 27.940 2.5033
Carbon monoxide. . CO 13 gbs 1.2512
Carbon dioxide ..... CO, 21.945 1.9663
Carbon disulphide.......... CS, 37.965 3.4017
Carbon oxysulphide.....c.cca....... COSs 29.955 2.683
Chlorine.....coccvvencoancsccanncnn. Cly 35.370 31691
Cyanogen....coevenerioscccccncenss (CN), 25.990 2.3287
Ethane......ccviieeenncnnee cennenen CsH, 14.970 1.2413
Ethylene. ...ciiiieeeninnanen ceeens CsH, 13.970 1.2517
Hydrogen..........c...0 H, 1.c00 0.0896
Hydrogen chloride.... HCI 18.185 1.6293
Hydrogen cyanide... HCN 13.495 1.2091
Hydrogen sulphide. .. . H,S 16.990 1.5223
Methane. ...oiiieiinnaiaaiinan.. CH, 7-985 0.7154
Nitrogen.......... tesreeciseennnann N, 14.020 1.2562
Nitrogen protoxide...c..ovueenee ceee N,O 22.000 1.9712
Nitric oxide.......covviienanan. cee- NO 14.990 1.3431
Nitrogen trioxide.......ovuieeninenns N,O, 37.960 3.4012
Nitric peroxide......ccovierveearecns NO, 22.970 2.0581
OXYEEN . .vvrvviunnesecrensencscnns 0, 15 g6o 1.4300
Phasphuretted hydrogen............. H,P 16.980 1.5214
CiH, 20.955 1.8775

SiF, §2.055 4.6641

SO, 31.950 2.8627

H\,O0 8.980 0.8046

* Taken from ‘‘ Technical Gas Analysis,” by Winkler and Lunge, Loandon,

188s.
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TABLE V.
FACTORS.
Found. Reqcired.| Factor. Found. Required.| Factor.
0.22131 || MgsPaOn..... vees P 0.27928
0.52942 3 P,O, | 0.63964
0.78947 MgO | 0.36036
0.71428 || MgO......... veos| MRCO,s | 2.10000

0.48353 || Mn.... ...c0veeef MnO | 1.29001
0.10181 || Mny,O4. .0t e Mn 0.72052

0.41176 || MngP3O4.........] Mn 0.38732
0.73529 |[(NH,)s12M0O,PO, P 0.01630
1.78571 P,O, | 0.03735
0.68586 || NiO.. ......... .o Ni 0.78667
0.27273 || KaPtCl,..........| KCl | o 30561
0.38065 K.0 | o0,19295
0.78667 [ NaCl.... ceceee..] NayO | 0.52991
1.26356 || SiOg.c.cvvevnennse Si 0 46667
0.65636 || BaSO4.0vvienen.. S 0.13745
0,70000 SO, | 0.34364
1.28571 || PbSO4.0cvnnnn... S 0.10561
1.38095 || SnOg.... cenuen.. Sn 0.78067
PbSO,...ccc......| Pb 068317 || TiOs...... teenaes Ti 0.60975

PbS..............| Pb 0.86611 || ZnO...covvunne ol Zn o 80247 -
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TABLE VI.
THE QUANTITATIVE PRECIPITATION OF VARIOUS METALS

BY ELECTROLYSIS.*

Solutioa.

Au

Pd

Ag

Hg

Pb

Nitric or sulphuric
Double ammonium

Double ammonium
sulphate.......
Double polassium
cyanide... ...
Sulpho-salt........
In glacial phospho-
ric acid, after,
(NH\CO, ...

+a

Solution.

Cd

Tl

Al

Fe

Nitric or sulphuric
Double ammonium
oxalate........
Double ammonium
sulphate.......
Double potassium
cyanide.......
Sulpho-salt........
In glacial phospho-
ric acid, after
(NH:CO,. ...

+

+d

+c
+cA

+q

+

Sn

— . Precipitated at cathode in metallic form.

. o

—_—e.

_‘f- “« “
o . «
+ a. « “«
+ 5. « .
+e. “ .

+ “. [ [

+ q. (1] (1]

anode as PbO,.
““ T140s.
o MnO..

salt preferable.

incompletely,

incompletely.

after adding (NH,),SO,.
The corresponding potassium

after adding Na,CeH.Oy and
HQCQH.OL

Completely from corre-
sponding potassium salt.

* From an article by Kahn and Woodgate in J. S. Chem. Ind., vol. viii. P

256,
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TaABLE VII.
SOLUBILITY, FUSIBILITY, ETC., OF VARIOUS METALS.
Melts
Metal, Color. T’,:’;‘ l‘l‘.‘;‘_" Sp. gr. De:'t c Best Solvent.
{De. C.
Gold...... yellow mal. ! 2.5-3 | 19-20 | 1702 | aqua regia
Platinum.. whitish to steel-gray . 4-4.5 | t6-21 | 1£03 o
Silver..... white . 2.5-3 | 10.5-11] 1023 HNO,
Lead...... bluish “ 1.5 | 11.45 322 HNO,
Mercury ... tin-white liquid| — 13.5 |[—40* HNO,
Bismuth. ..|silver-white to reddish-wh. |britile | 2-3.5 | ¢ 7 258 HNO,
Copper..... red mal. | 2.5-3| 8.9 1Lgt HNO,
Cadmium . tin-white “ 1 [8.6-§.7| 320 HNO,
Arsenic.... lead-gray brittle | 4 5.9 t+ |aqua regia
Antimony. bluish-white “ 3-3.5| 6.8 432 .
Tin........ white mal, 4-5 7.28 228 HCI
Iren (cast). gray . 4-5 7.1 1530 HCl
Iron (w't). ¢ “ 4-5 |7-6-7 8 | 1808 HCl
Sieel...... o o 6-7 |7.8-7.9 | 1808 HCl
Aluminum silver-white . 2 [2.5-2.7| 5co0 HClI
Nickel... “ ‘“ 5-6 |8 2-8.7 [ 1537 HNO,
Caobalt....| steel-gray tn reddish ‘e 56 (8.5-8.7 | 1600 HNO,
Manganese grayish-white brittle | g~10 | 7.1-8 | 1650 HCI
Zinc....... bluish-white mal. 2 |6.8-7.2| 411 HCI
[

* Volatilizes at 360° C. t Volatilizes at 356° C.
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PRECIPITATES.

|
R : Prepared for | Weighed
Soluble in— Contaminants, Weighing by— U as—

Mineral acids and solu. | Basic ferric salts, Cr, | Ignition. In presence! Fey0,
LIoNns cuntarnng Citric, 208+ Al, Mu. Zn, Co,| ofC.HNOyor N NOy'
tartanic  ucids, etc., or | Ni, my, 510 4, ctec, should be added. ‘Vul- :
ory.anic  substances (as atile in presence of
sugar) chlorides.

As above. As above.

In cold mineral acids, | Salts of fixed alkalies;
Also 1n cira‘es and or- | Si1Ug, P3Oy . Al Cr, Co,

anic substances. Insolu-| Ni, Zn,” Mn, Cu, eic.
le in hot rery dilute| Removed by resolution
HC,H,0,. and reprecipnation.

Acids and fixed atkulies | Basic Al saltn;  SiQ4, | Ignition,  Slightly vola- Al3O,
Slignly in cold NHOH. | P30, Al, Cr, Co. Ni,| tile in presence of
Tarirates. citrates, su-| Zn, Mn, etc. Removed | NH,Cl
gar. ewc, prevent precip- | by resolution and repre-
itation, cipitation.

S une s Fe, except slight- Same as Fe.

Iv soluble in hot dilute
HC,H30,.

Allacids in N.OH, KOH. Same as Al. Ignition, CryO4
and slightly in N OH.
Tartrates, citrates, suvar,
etc., prevent precipita-
tion,

So'uble foim same us Fey | FegOy, Al,O0g, SiOy. and| Ignition with addition TiOy
1OH)y. FqUs  bigUgund 4'305 | of (NH{)4CO,.

Inssluble form by fusion | remuved by resolution,
with KH304 or b aung | reduction "with  $0,,
w.ih conc. HClI or| and reprecipiation
H,504. _presence of 11t ,HyO)y

Acids. Slightly in H 0. | FegO,y. acid-sodium  sili-

cute. aikali-earth carbon-
ates, etc.

Dilute acids, fixd cau.tic | Alkaline caibona'e re- | Ignition: absence of C ZnO
ulcines,  bicarbnites,| moved by repeated | s necessary.
and organic solutions. wushing with hot Hs0.

FeqO3. A0y, and S10,4
remov.d by soiution ana
precipitat on of the ig-
n ted ZnO

Dilute HC! and HNO,, | Mn, Co, and Ni sulphides.

strong He30, when hot. | Removed by resolution,
Free N11,0d retards | neutrabzing, and rcpre
precipiiat vn. cititation.  Fe f not
previously removed.
Acids, None if bares forming in- | Ignition. Gently at first. | MogP,0y

Sughtly in large
excess  of amm-nium
salis. The influence of
ammontum salts s
lesienzd by large excess
of the precipitant.

Dilute mineral acids (es-

zcially HCh. Insoluble

in strong HCgH40O4 and
conc. HNO,.

so.uble phocphates are
absent and precipitate is
well washed.

Salte of fixed alkalies,
g0y , Z00,
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A MANUAL OF PRACTICAL ASSAYING.

PROPERTIES OF

Ele- Obtained by or Obtained or " .
meat, Object. Precipitated with— Precipitated as— Conditions of Solution.
Ni Weigh- Electrolysis. Ni Absence of all other
ing (See Table VL) metals of HeS and
(NH¢yS groups. Ni
prescot as oxalate, sul-
phate, or dcuvle am-
mounium nitrate, and ¢x-
cess of NHOr{
Weigh- | Precipitant KOH or Ni(OH), Bases other than fixed
ing Na(gH. alkalies should be absent.
Separa. | Precipitant HeS in weak NiS.HO, Absence of other mem-
t?:n HCyH,30, wl’mion. bers of the He> or
(NH{),S groups. NH,CI
aids precipitation.
Co Weigh- | Precipitant KNO, in solu- | 6KNOy,Coyg(NOy), | Warm, containing only
ing tion sliphtly acid with Co, Ni, and K salts, and
HC3H,0,. nearly saturated with
KCyH40,. i
Weigh- Electrolysis. Co Same as Ni.
ing (See Table VI. .
para- Same as NiS.H,0. CoS,H,0 Same as NiS,H,0.
tion
Cu Weigh- Electrolysis. Cu H,SO, solution contain-
ing (See Table VI.) ing a few drops of HNO,
preferable. Organic acids
should be absent.
Separa- | Precipitant HeS in dilute CuS Moderately strong HCl or
tion acid solution. HySO,. ~ If HNO; is
present, the solution
must be cold and dilute.
Pb | Weigh- Precipitant HySOq. PbSO, Excess of H,S0, . and hut
ing little HNO, ‘or HCI,
NH, salts and salts of
organic acids must be
absent,
Weigh- | Precipitant K,CrgO, in PbCrO, Bi, Ag, Fe, and Bashould
ing acetic-acid solution. be absent. Chlorides
should be absent, and
also alkaline citrates,
tartrates, etc.
Separa- Precipitant H,S. PbS Slightly acid. neutral, or
tion : alkaline. Best precipi-
tated in cold H,SO,
solutinn.
Ag ) Weigh- | Precipitant HCI in very AgCl Slightly acid with HNO,
ing slight excess. free from chlorides.
Precipitant NaBr, AgBr Same as AgClL

Separa-
ton
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A MANUAL OF PRACTICAL ASSAYIVG.

PROPERTIES OF

Ele- ! ’

Obtained with or

Obtained or

meat. Object. | Precipniated by— Precipitated us— Conditioa of Solut on.
As  Weigh- | Precipitant 11,S in HCIl AseSy IAcid with mwneral acid
10g solution. (preferably HCl).

Weigh- | Precipitant MgClyin am-| MgNHAsO, Alkaline with NH,OH,

ing montacal solutivn  con- conlamming a mininum
taining alcohol. of NH(Cl and 30 per cent
of alcunol.
Sb Weigh- | Precipitant HoS in acid SbeS, Slightly acid and moder-
ing solutivn, or upun acidify- aiely dilute.
ing solutions of sulph-
aoumonite.
Sa | Weigh- | Precipitant HyS in_acid SuSy Moderately diluie  and
ing solution or upon acidify- slightly acid. ipt-
ing solutions of alkalipe tation promoted y
sulpho-stannate. acetates and interfered
with by oxalates or ox-
i alic acid.
P Weigh- | MgCl; in  ammoniacal MgNH,PO, Same as My.
ing solution contaning
NH,Ci. L}

Separa- | Precipitant (NH O MoO, | 12M004(NH,)y | Acid with HNO,.and con-
tion and | in HNOj solutiun neated PO+ taining  an  excess of
Titrauon | to 8° C. Agitation NHNO,; and preca»

facilitates precipitation. itant  Chlorides, HCI,
reducing agents and or-
ganic acids should be
ahsent.
S.S0, .| Weigh- | Precipitant BaCly in hot BuSO, Same as BaSO,.
S0, ing solution containing a
80,., little free HCL.
etc.
Cl Weigh- Precipitaut AgNO,. AgCl Same as Ag.
ing
Siand | Weigh- | By evaporation of acid x Hq0,5i04 Should contain HCL  If
SiOy ing solution to dryncss and much HNOy is preaznt,
heating at 115° 10120° C.. should be remaved by
or by evaporation of adding HCl and boiling.
H4SO, so.ution to fumes
of SO,.
C,C0O4.| Weigh- | Absorption with KOH, [N2,CO,. K4COjor|
etc.” | ing NaOH, or CaOH 4 | NugCOs+ CaCO,
NaOH.
N Weigh- PtCiy (NH 4 P1Clq Same as K, PtCl,.
ing

ettt
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